Introduction
The regulation of the immune response to specific antigens is carried out to a large extent by differentiated populations of antigen-specific T cells endowed with either enhancing or inhibitory properties, helper and suppressor T cells, respectively. The effects of these cells can sometimes be replaced by soluble mediator molecules obtained from them, known as T-cell factors, which, like the T cells, may be of the helper or the suppressor variety. Some factors act in a non-antigen-specific manner (nonspecific factors), even when produced by stimulation of specific T cells by antigen; they are not discussed further here. Other T cell factors have the all-important property of specificity for antigen and are consequently known as antigen-specific helper and suppressor factors, the latter being the subject of this review. Despite their mutually antagonistic effects on the immune system (help vs suppression), the two categories of specific factors have many structural and functional features in common and these general properties are summarised in Table 1 . The most important are (a) their ability to bind specifically to the antigen, the response to which they influence, Abbreviations. See Table 2 for list of abbreviations. MHC, major histocompatibility complex
Production of Specific Suppressor Factors
The production of suppressor factors requires a source of suppressor T cells and these have been obtained in a variety of different ways [11] . In most of Table 1 . Properties of antigen-specific helper and suppressor T-cell factors 1. Produced by or extracted from antigen-primed helper or suppressor T cells 2. Help or suppress immune responses (antibody production, cell-mediated immunity) in antigen-specific manner 3. Bind specifically to the antigen against which they are produced 4. Lack all c°nstant regi°n determinants °f immun°gl°bulins' but may carry variable region (idiotypic or framework) determinants 5. Carry determinants of the major histocompatibility complex: in the mouse, the I-A subregion of H-2 characterises helper factors, while I-J specificities are often found on suppressor factors 6. Molecular weight often -50,000. May possess two component chains, one carrying antigen-binding site, the other H-2 derived and determining function 7. React with target cells, which may be T cells, B cells or macrophages, and which carry appropriate acceptor sites for the factors 8. May be genetically restricted in their effect to acting on cells of the same H-2 type or responder type as the producer of the factor 59, 64] , and although instability of the lines has been a serious problem, necessitating frequent recloning, T hybrids are undoubtedly one of the most promising sources of workable quantities of T-cell factors of all types.
Specific suppressor factors have been found both in extracts and in the culture supernatants of supernatants of suppressor T cells, as indicated in Table 2 . Tada and colleagues were the first to isolate suppressor factors by extraction from suppressor cells, using sonication or freeze-thawing to disrupt the cells [44, 52] . These methods have been adopted by others, and it seems to be the case that specific factors are often more easily detected in cell extracts than in culture fluid. However, several groups have worked with specific factors found in culture supernatants of suppressor T cells, and T-hybrid lines release factors into their supernatants or ascitic fluid if grown in vivo. This point is of more than mere methodological interest, as it has been claimed that factors in extracts and supernatants behave differently with respect to functional properties, such as target cell of action and genetic restriction [26, 28] , and to structure [60] . factors in culture supernatants suppressed primary IgM responses effectively [25, 26, 28] . Similarly, the extract or ascitic fluid of one hybridoma line is IgG-specific, as well as KLH-specific [59] , while the supernatants of other hybridomas suppress IgM and IgG equally well [27, 64, 66] . The preferential suppression by a factor of mouse IgE responses to DNP in vitro has been described [42] , and the authors believe that the factor has class-specificity but not antigen-specificity, although elicited by antigen from DNP-primed cells. Such class-specific factors may act by inhibition of class-specific helper T cells, as in the allotype-suppression phenomenon [16, 18] and may well be important in physiological regulation of the antibody class 'switch'.
In the delayed-type hypersensitivity response it is, in principle, possible to distinguish effects of factors on the induction of sensitivity (e.g., by giving antigen and factor to unprimed animals) from effects on elicitation of a response by sensitised cells. Asherson, Zembala and colleagues [1, 2, 41, 76-78] and Moorhead [30-32] have found antigen-specific factors which suppress contact sensitivity to picryl chloride and DNFB, respectively, in mice. They are present in the culture supernatants of lymph node cells of hapten-tolerant mice, and inhibit the passive transfer of sensitivity to normal recipients by hapten-primed cells, i,e., suppress elicitation of contact sensitivity. T hybrid-produced factors have been described which differentially suppress the induction and elicitation phases of the DTH-response to SRBC [17] . The fact that T-hybrid factors are monoclonal and presumably homogeneous is obviously a great advantage in dissecting such effects.
Serology and Structure

Assay Methods
As indicated in Table 2 , specific factors have been assayed by suppression both of the antibody response, in vivo and in vitro, and of cell-mediated immune responses such as delayed-type hypersensitivity and tumour rejection. In the antibody response, it is common to use a factor directed specifically at a protein to suppress the response to hapten-protein conjugate. In some cases, antigen-specific factors have been found to inhibit some antibody classes more effectively than others, e.g., the suppression of the IgE response to Ascaris suum extract in rats [36, 44] or the IgG response to DNP-protein conjugates [52, 54, 57] . Preferential suppression of IgG was found for factors in cell extracts, but in contrast, The distinguishing feature of the factors under consideration here is their specificity for the inducing antigen. The correlate of specific activity is specific binding to antigen, and almost all the factors mentioned in Table 2 have been shown to have antigen-binding properties, usually demonstrated by removal of the factor on antigen immunoadsorbents. On the other hand, with one exception [5, 6], they do not react with antisera against the constant regions of either heavy or light chain of Ig's (though antisera against the minor Ig classes, IgE and IgD, have probably not been tested). In further support of the non-Ig nature of specific factors is a low molecular weight, usually found to be in the 40,000-70,000 dalton range (by gel filtration), though the factor specific for SRBC produced by the T-hybrid line A1 has a molecular weight of about 200,000 [63] . (The possibility that the size of factors has been underestimated in some cases because of partial proteolysis or, inherent instability cannot be ruled out, particularly where cell extracts are used as the source of factor.) However, while the factors do not appear to resemble Ig's in most serological properties, some have been shown to react with anti-idiotypic antisera raised against antibodies of the same specificity as the factor. For example, factors made in A/J mice against azobenzenearsonate (ABA) could be removed by rabbit anti-idiotypic sera against A/J anti-ABA antibodies [3]; moreover, the expression of the idiotypic determinant on the factor was inherited with Ig heavy-chain allotype [3] . Similarly, factors specific for the polypeptide GAT were removed by antisera against a cross-reactive idiotype on mouse anti-GAT antibodies and could be eluted in active form from anti-idiotype adsorbents [10] . These results, and particularly the evidence of genetic linkage to allotype, indicate that the factor-binding site is coded by V-region genes in the Ig heavy-chain complex.
The other serologically detectable determinants on mouse specific suppressor factors are those of the H-2 complex. Indeed, Tada and colleagues first defined the existence of the I-J subregion of H-2 on the basis of the unexpected ability of certain allo-antisera [e.g., B10.A(3R) anti-B10.A(5R)] to remove factor for KLH [46, 48] . I-J determinants have now been demonstrated on factors for KLH both from suppressor T cells [46] and T hybrids [27, 60, 61] , and on factors for GAT [10, 69] , GT [70] and TNP [14] , as well as on suppressor T cells themselves [34, 37] and suppressor T hybrids [55, 61] . MHC specificities are also demonstrable on the factors for ABA [15] , DNP [30] and SRBC [64-661 . The subregion of H-2 contributing to the factor is not always I-J, however, and for DNP-and SRBC-specific factors the 'factor gene' maps to the right of I-J [32, 65] . These findings suggest that the I-J and probably I-E/C subregions are involved in T cell-mediated suppression via specific factors; in contrast, the I-A subregion is principally concerned with T cell help by coding for helper factors [33] .
The antigen-binding site, idiotypic determinants (where present), and I-region specificities are all believed to be carried on a single molecule, the most rigorous proof of this being that specific factors eluted from an antigen or anti-idiotypic adsorbent can be readsorbed on and eluted from an anti-H-2 adsorbent [10, 69] and vice versa [3] . Since the binding site and MHC determinants seem to be products of different gene complexes, there is a strong possibility that the factor molecule contains two types of polypeptide chain, namely a binding-site chain being an Ig V~-gene product (perhaps with a 'new' constant region) and an I-region-coded chain which is probably responsible for the suppressor function of the molecule. Evidence to support such a model comes from studies on the factor specific for SRBC present in the supernatant of a T-hybrid line designated A1 [63, 65] . This factor, as already noted, is of higher molecular weight than other specific factors, being about 200,000 by gel filtration. Internal labelling by incorporation of 3H-leucine, followed by adsorption onto SRBC and SDS-PAGE, indicated the presence of two non-disulphide-linked polypeptide chains of sizes about 85,000 and 25,000. Both chains were removed if the supernatant was precipitated with anti-H-2 serum before absorbing onto SRBC. NP-40 extracts of the labelled cells analysed in the same way showed only a single labelled band at 85,000 daltons, which was not precipitable by anti-H-2, but bound specifically to SRBC. It was suggested that the factor consisted of heavy and light chains, of which the former carried the antigen-binding site while the latter carried MHC specificities [63, 65] . Whether or not the A1 factor is representative of all antigen-specific factors, a two-gene, two-chain model seems to be required by the data for suppressor factors in general.
Genetic Restrictions in Activity and Production
One of the most interesting and important aspects of the antigen-specific suppressor factors is the genetic influence on their activity and on the ability to produce them. Not surprisingly, MHC genes are often closely involved with their behaviour. The activity of these factors has often been found to be genetically restricted, and experimental findings on this restriction can be divided into three categories: (a) very strict MHC-determined restriction in which non-MHC genes also play a role [31, 52, 58] ; (b) a less rigorous restriction, again determined by the MHC [21, 23, 62, 74] , but which may be qualitatively different from (a) and related to immune responsiveness rather than simply MHC type per se; and (c) an apparently complete lack of restriction, which may of course turn out to be of the semi-restricted category (b) type when more strains are studied [26, 281.
Strict genetic restrictions were first described by Tada and co-workers with the KLH factor, in that the factor would not suppress a response across the barrier of MHC difference between the strain producing the factor and the target strain [52, 58] . However, identity between factor and target at the whole of the MHC was not required, and the use of recombinant strains established that identity in the I-J subregion of H-2 was sufficient (and necessary) for suppression to occur [46, 47] . Background (non-H-2) genes also played a part in restriction, as some strains, notably C57B1/10 and its H-2 congenics, failed to react with factors of any strain, including their own. The interpretation offered was that the specific factor reacts with a cell-bound acceptor site which is itself (in part) an I-J product, probably the product of a gene distinct from, but closely linked to, that of the factor [47] . The extensive polymorphism of I-J genes between different strains would supposedly affect the structure of factor and acceptor in such a way as to render compatibility at the I-J loci essential for factor-acceptor interaction. Some alternative explanations are discussed at the end of this review. Another example of strict restriction governed by H-2 was found by Moorhead [31] for the factor which suppresses contact sensitivity to DNP. In this case, however, the required homology mapped to the K and/or D loci of H-2, with separate factors being restricted to acting on K-or D-compatible cells.
Partial H-2 determined restriction in factor activity was shown by Kapp and colleagues [21, 23] . The GAT-specific factor produced by T cells of GAT-nonresponder strains would suppress allogeneic target cells fully in their response to a GAT-methylated-BSA conjugate, provided they were also GAT-nonresponders. Cells of GAT-responder strains were not suppressible by the factor. The distinction between suppressible and nonsuppressible strains was H-2-determined [21] . Similarly, the GT-specific factor showed activity on several independent haplotypes; where restriction did occur there was genetic evidence for both H-2 and background gene influence [74] . A comparable situation has been found for the T-hybrid A1 factor specific for SRBC [62] . This monoclonal product is H-2 b in origin, but will suppress the response to SRBC of H-2 k and H-2 d spleen cells as well as H-2 b. It is significantly less effective at suppressing spleen cells of H-2 s type (SJL,B10.S) and by using H-2 s recombinants a gene governing suppressibility has been mapped to the I-A (or I-B) subregion of H-2 [62] .
In some cases, no genetic restrictions on activity of an antigen-specific factor have been found. Kontiainen and Feldmann [26, 28] observed no restrictions of the H-2 or background type for KLH-, GAT-or (T,G)-A-L-specific factors, perhaps because their factors were derived from supernatants rather than extracts. Their results would be more conclusive, however, if each factor had been fully titrated to its end-point on different strains.
Genetically determined inability to produce suppressor factors for particular antigens has also been described; for example, Taniguchi and co-workers found that A/J mice were unable to make KLH-specific suppressor factor, whereas B10.A were producers, indicating a controlling influence of a non-H-2 gene on factor production [58] . A/J mice also fail to produce factor against GT [74] .
Target Cells and Mechanisms of Action
Suppressor factors exert their effects by reacting with target cells which may be T or B lymphocytes or macrophages. The molecular site on the target cell at which combination with the factor takes place is called the acceptor site. The factor-acceptor reaction may occur in the absence of antigen, but one of the roles of antigen at a cell surface is probably to focus the factor onto cells of corresponding specificity (in the case of T or B cells), via the antigen-binding site of the factor.
In the suppression of the antibody response, evidence from two groups suggests that the function of suppressor factor is to induce further suppressor T-cells; the cells producing the specific factors are termed Ts> and the factor-induced suppressors Ts2. The latter are then considered the ultimate mediators of suppression, acting to inhibit helper T cells, in one case nonspecifically. In support of such a scheme, Taniguchi et al. found that KLH-specific factor could be absorbed only by nylon-wool adherent, I-J-positive, T cells [56, 58] . In the absence of these cells, a mixture of helper T-cells and B cells could not be suppressed in vitro [56] . Treatment with KLH-specific factor caused the target T cells to become nonspecific suppressors, which could inhibit the response to unrelated antigens in the presence of KLH (antigenic competition). The I-J molecules on the target cells probably function as the acceptors for specific factors [50] . Waltenbaugh et al. [75] and Germain and co-workers [7-9] have also demonstrated that GT and GAT factors induce new populations of suppressor (Ts2) cells, both in vivo and in vitro, which are also I-J-positive. Their Ts2 cells appear to act specifically, however, and are nonadherent to nylon wool.
In contrast, the A1 T-hybrid factor for SRBC appears to act on B cells rather than T cells, judged by the ability of purified cell populations to absorb its activity [65, 66] . Genetic studies show that the B-cell acceptor is coded in the H-2 complex between I-J and H-2D [65] . It is not clear whether this factor would correspond to the product of a specific Tsl or Ts2 cell in the above scheme; Ts2 seems the more likely, making the B cell a final target of factor-mediated suppression.
The suppression of contact sensitivity to haptens by specific factors can apparently occur by two distinct mechanisms, namely direct reaction of the factor with primed antigen-specific effector T cells, or via intermediary macrophages. Zembala and co-workers have shown that suppressor factor for picryl chloride is absorbed by peritoneal macrophages which, specifically 'armed' by factor, become endowed with nonspecific suppressor properties in the presence of the picryl group (again antigenic competition) [1, 41] . Macrophages probably cause suppression by release of nonspecific factors. On the other hand, Moorhead has studied a factor which suppresses contact sensitivity to DNFB and reacts directly with DNP-primed T cells [30] [31] [32] . This factor is absorbed by DNP-primed but not normal T cells and the absorption requires compatibility between factor donor and target T cell at the K or D loci of H-2. Interestingly, absorption could be blocked by treating the cells with anti-H-2 sera or by anti-DNP sera, suggesting that the factor reacts with DNP and H-2 close together on the T cell surface, the DNP group serving to focus factor onto the specific T cell [321.
Finally, we may consider possible reasons for the genetically restricted behaviour of certain factor molecules, those showing a strict requirement for I-J compatibility (see above) being especially interesting. I consider this phenomenon of particular importance because of its similarity to the behaviour of T cells during the induction processes of antibody or cell-mediated responses [24] . Three mechanisms to explain restriction are possible. a) The factor, coded in the I-J region, reacts with itself on a target cell and binds by like-like interaction. The I-J part of the molecule thus serves as an interaction element. b) The factor reacts with an I-J coded acceptor site by complementarity -a factor/acceptor model in which the factor and its acceptor are the products of separate, but closely linked genes. The I-J molecules are again cell-interaction elements responsible for restriction. c) The factor carries a binding site (or sites) for both antigen and the I-J product, which it recognises on the target cell surface either as separate entities (dual receptor recognition) or as a complex (single-receptor or 'altered-self' recognition). The I-J present as part of the factor would then not function as an interaction element, as in (a) and (b), but simply occupy the factor-binding site, to be displaced by the I-J molecule on the target cell.
For all three models, extensive polymorphism of I-J would be required to explain strict restriction; (c) would probably lead to the most highly restricted reactions and (b) to the least restricted.
